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(Paper No. 2568.) 

L r  The Khojak Rope-Inclinex.” 

By WALTER JANES WEIGHTMAN, Assoc. M. Inst. C.E. 

AT the  time  when it was decided to  construct a railway across the 
Ewaja  Amran  range, on the  Afghanistan  frontier of India,  three 
rival projects  were under  consideration; and it was a t  first 
regarded as an objection to  the  route  finally selected, that  the 
tunnel,  which formed its chief  feature, would require  three  years  in 
construction. The Government of India deemed it t o  be of para- 
mount  importance to  establish railway communication across the 
range  at a considerably earlier date. Under  the circumstances, 
and pending  the completion of the  tunnel, it was  determined to 
construct a temporary  railway,  rapidly and cheaply,  over the 
mountains,  and  the  inclines  about  to be described formed part of 
this work. The completion of the  tunnel  has necessarily been 
followed by  the  dismantling of the  temporary inclines,  which, 
owing  to  their  steep  gradients and diversity of system, exhibit 
some features of interest;  and  the  details of their construction, 
their cost, and working expenses, may be worth  placing on 
record before they  are forgotten. Their object was twofold : 
first t o  facilitate  the conveyance of machinery and stores  for the 
western  end of the  tunnel, and to  expedite  the extension of the 
railway beyond i t ;  and, secondly, as a military:  precaution, to 
provide for  the conveyance of troops and military stores  to the 
front  in case of need. It was deemed essential that,  whatever 
system  was adopted, it should be possible to transport  intact broad- 
gauge ( 5  feet 6 inches) locomotives, wagons loaded with stores, 
and other  rolling stock  for a possible advance. 

When  submitting  the scheme, the points which  had  to be  borne 
in mind were  therefore :-(l) That, as the  lines were  to  be used for 
three  years only, they  must be constructed as cheaply and as 
quickly as possible ; (2) that  they should  be of broad gauge 
throughout; (3) that  the  inclines should  be able to carry  the 
heaviest broad-gauge locomotives and rolling  stock; (4) that, 
in order to avoid delay  through  obtaining  plant and appliances 
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from  England,  they should  be so designed that  they could be 
made in  India; (5) that  the  carrying  capacity should be not less 
than 400 tons per day. 

All  the  temporary  lines  and inclines are shown in section in  
Fig. 1, Plate 8, from which i t  will be seen that  the  first portion of 
the  temporary  line leaves the  permanent  line on the east  side of 
the  range  at  Shamshakhan, and follows the river-bed on an average 
gradient of 1 in 22 as far  as Shelabagh. Here  the slope of the 
valley steepens, and  the  gradient,  as  far as Wallers Camp, is 1 in 
158, with  curves of 500 feet radins. Six-wheeled locomotives, 
weighing 46 tons exclusive of tender,  hauled, as their ordina.ry 
load, 4 wagons, weighing 72 tons, as  far as Shelabagh;  and  thence 
to  Wallers Camp the  line was worked with  specially designed 
eight-coupled tank-engines  fitted  with brakes  (hand, steam, and 
Le  Chatelier) on all  the 8 wheels ; the coupling-rods being joined 
together  with ball-and-socket joints,  to increase their  flexibility 
on curves. These engines  weigh 50 tons, and,  taking a load of 
54 tons up 1 in  15 gradients round 500-feet curves, did  their 
work  extremely well, running  regularly 5 to 20 trains  daily each 
way for three years. 

The  gradients of Nos. l and 2  were so steep (35 and 40 per 
cent.) as  to  require  the use of two specially-designed incline- 
trucks, in  order to  prevent  the loads in  the wagons from shifting 
(Fig. 2, Plate 8). These are so constructed that  their  upper 
platform, on which a pair of broad-gauge rails is laid, is always 
horizontal  during  transit.  The  ordinary loaded wagons are  carried 
on the  top of these  incline-trucks,  being  shunted on at  the bottom 
and off at the top, and vice vewi. No. l incline, worked by a 
stationary  engine  and  wire rope, rises with a gradient of l in 22 
till it reaches the  summit of the  range, a height of  7,260 feet 
above sea-level. Next follows a short  length of single broad- 
gauge  line (5 furlongs)  along  the ridge, with a ruling  gradient 
of 1 in 40, worked by small tank-engines;  and  then commences 
the descent of nearly 2,000 feet on the west side. This is 
achieved by three  separate rope inclines, the first having a gradient 
of 1 in 23, the  next of between 1 in 7 and 1 in 10, and the 
third of between l in 8 and 1 in 13. These three  inclines  are 
succeeded by a short  length of single line, with a gradiept of 
1 in  16, which was  worked by  tank  engines  with eight-coupled 
wheels, similar  to those on the east side. This  line  joins  the 
permanent  railway close to  Chaman Fort ; whence the  latter  has 
been laid,  with a ruling  gradient of 1 in 40, for a distance of 
10 miles,  down to  the  terminus at  New Chaman. 
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The  total  length of the four inclines is 2 miles and 830 feet. 
Details of the  gradients,  lengths,  and  heights surmounted, are  given 
in Appendix I. Nos. 1 and 2 inclines are worked in  the usual way ly 
a steel-wire  rope driven  by a stationary  engine at  the top, one truck 
ascending  as the  other descends, the  two passing each other  in  the 
centre;  but  the  arrangement of the  lines of rail was  unusual. As 
shown in Fig. 1, i t  consists of two separate  tracks on the  upper 
and lower portions of the  incline,  with  their centres  only G inches 
apart,  and a crossing-place in  the middle. The  advantages of 
this  plan are:-(l) the  great  saving  in cost over  a double line 
for the whole length; (2) the  elimination of the  danger  due to 
movable or  self-acting points, which occurs if  a single  line is 
laid on the  top  and bottom sections; and ( 3 )  the  simplicity of the 
approach-lines at  the foot and summit of the  incline; because, by 
placing  the rails on the  incline-trucks  (Fig. 2 ,  Plate S), 3 inches 
to  the  right for the  left-hand  truck  and 3 inches to  the  left for 
the  right-hand  truck, a single  line suffices a t  both ends of the 

incline  to  shunt  the wagons off and on to the trucks. I t  is not 
unusual  with  inclines  such as these, to  lay  three  rails on the 
upper section, the  centre  rail  being comlnon to  both  tracks, in 
order to provide against  the  danger of one truck  fouling  the rope 
of the  other;  but on the Khojak incline  that would  have largely 
increased the cost and  the  time of construction, because there is 
a cutting  in  hard rock 45 feet deep  on the  upper section, and also 
the  arrangement of lines  and  turn-tables a t  the  top would have 
become somewhat more complicated. With  the  arrangement used, 
although  at  the points a and a' the wheels of the ascending truck 
have  to pass over the rope of the descending truck,  and vice versci, 
i t  was found that  the rope invariably dropped into  the  gap in 
the  rails prepared for it,  being assisted in so doing by tapering 
wooden guides (Fig. 6, Plate S). 

The  permanent  way consisted of 75 lbs. ffat-footed steel rails 
laid on wooden sleepers;  and, to prevent  the  rails  slipping down 
hill, a cast-iron chair  was fixed at  each joint,  as shown in Fig. 2. 
This  chair  was bolted to a timber  balk,  12 inches by 12 inches, 
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which  again was  bolted to a block of concrete. The horizontal 
rollers, Fig. 3, were placed 30 feet apart on the  straight  and 15 feet 
apart on curves;  they were G inches in diameter, made of babool 
wood, but were  found to wear away so rapidly  that  it became 
necessary to cover them  with  thin sheet-iron. Vertical rollers, 
Fig. 4, were used at  the  centre crossing place only,  as the  rest 
of the  incline was straight. 

The  winding  engines used (Figs. 3, 4 and 5, Plate S), were 
converted from old locomotive engines, with  inside  cylinders 
16  inches in  diameter  and 24 inches  stroke, taken off their wheels 
and mounted on cast-iron  standards,  bolted  down to a  masonry 
foundation. The motion is  transmitted  through  spur-gearing, 
which reduces the speed to one-tenth;  the second set of gearing 
consists of three wheels and pinions, which were  stepped each a 
third of the  pitch  in advance of the  other;  this  plan made the 

Fig. 2. Fig. 3. 

working  very smooth. The hauling-rope, 4& inches in  circum- 
ference, with a breaking load of 80 tons, and a  maximum working 
load of 13 tons, of extra plough-steel, is passed round  a Fowler 
clip-drum, 10 feet 6 inches in  diameter,  round which it takes 
two-thirds of a turn only. This  plan was  adopted because of its 
simplicity,  and  has worked very well. An ordinary  winding- 
drum  would,  have been very large, and would have necessitated 
two ropes instead of one. At first the  clip-drum  gave some 
trouble, as  the  jaws  which p i p  the rope  were constantly  breaking. 
But  after  the cause of this  had been discovered and removed, they 
worked uniformly well, and were not found to squeeze or  flatten 
the rope. The  normal speed of the  engine  was 100 revolutions 
per minute,  which  gave a speed of 4 miles  per hour  to  the  trucks ; 
it was  fitted  with hand- and steam-brakes. The  details of the 
steel ropes and  the  work  they performed are shown in Appendixes 
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IVjand V; from  which it  will be seen that  the  Lang  patent ropes 
showed, in  a  marked  way, their superiority  for  this  sort of work. 
The ropes originally used  were  those made in  the ordinary  way, 
wit,h the  lay of the  strand  in  the opposite  direction t o  the  lay of 
the rope ; but it was found that  the wires  broke very  rapidly  at 
the crown of the strand.  Then  Lang ropes were  tried, in  which 

the  strands of the rope  are 
Fig. 4. closed in  the same  direction 

as the  wires  are  laid ; and 
they were  found to do 50 per 
cent. more work than  the others, 
and  were still  working  when 
the inclines  were  dismantled. 
The works  being  temporary, 
and  intended  only for goods 
traffic, although  eventually 
many thousands of passengers 
did make use of the inclines, 
it was  not  considered  desirable 
to go to1 the expense of any 
special  automatic  safety-appli- 
ances,  and  none  were used. No 
accident of even the  slightest 
kind occurred, the precaution 
of changing the ropes in  good 
time  being  always  taken.  The 

quality  and  reliability of steel-wire  ropes  have so far  improred of 
late years, and  their price  has so decreased, that  there  is  not  the 
same inducement to keep  them  running  when  they  have become 
dangerously  worn, and the old feeling of distrust  in  rope  inclines 
is not  nearly  as  prevalent as formerly. 

Inclines Nos. 3 and 4 call  for no special  description ; they were 
laid  with double  lines  throughout the whole length, because, 
owing t o  the  valley  being more open, the  earth-work was very 
light;  and  the traffic over this portion  being all down-hill, they 
were made self-acting.  Horizontal  pulleys, 12 feet in diameter, 
were fixed at  the summits of each  incline,  fitted  with double 
hand-brakes. In the  centre of No. 4 incline  there was a curve of 
1,146 feet  radius, 1,400 feet  long,  and  the  vertical rollers  for this 
curve were  placed  outside the  track on the concave side, in the 
way proposed by Mr. Longridge,' and were found to  work quite 
satisfactorily. 

Minutes of Proceedings Inst. C.E., vol. 1x3. p. 114. 
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The  total cost of the  four  inclines  amounted  to 528,699; the 
details of expenditure  being shown in Appendix 11. The  monthly 
working-expenses are  given  in  Appendix 111. The cost of haulage 
will  be seen to  have been Is. 9d. per vehicle-mile, which a t  first 
sight  may  appear somewhat high if compared with  that of the 
S50 Paulo inclines’-1s. per vehicle-mile, or with  that of the 
Calstock inclines 2-13. 3d. per vehicle-mile ; but as the vehicles 
used on the  Khojak  lines  carry more, a fairer comparison is obtained 
by considering the cost per ton-mile, which is as follows :- 

1 Per Gross Ton- ~ Per Paylng-Ton , Xile. Mile. 

I Iihojak . . . . 1 1.615 
d .  

Ssio Paulo . . . 
Calstock. . . . 2.28 

The grades on the  Khojak  inclines are, however, much  steeper 
than on the  others,  and, as pointed out  by Mr. Robert Wilson, 
M. Inst. C.E.,3 in  the case of railways  with  steep gradients, a much 
more satisfactory comparison can  be made by comparing the cost 
per 1,000 foot-tons of work done (goods carried) in each case. 
On this basis the cost is :- 

l -  i Tons. I Tons. 
Per 1,000 Foot- Per 1,000 Foot- 

Gross Load. Paying-Load. 

Khojak . . . . I 1.824 4.06 
Ssio Paulo . . . 

5 -77 2.96 Calstock . . . . 
4.50  2.60 

d. d. 

The traffic on the Khojak  inclines, Appendix VI, was mainly  in 
one  direction, and most of the wagons returned  empty;  if  there 
had been any  freight  in  the opposite direction, the cost of haulage 
would hare been much less. On the  other hand, it is right  to 
call  attention  to  the  fact  that  the traffic was up one incline  only 
and. down three;  this, of course, kept  the  working expenses and 
fuel-consumption unusually low. The maximum day’s work was 

Minutes of Proceedings  Inst. C.E., vol.  xcvi. p. 165. 
a Railway Engineer, April, 1881. 
3 “Cost of working the Hartz Mountain Railway.” Minutes of Proceedings 

Inst. C.E., vol. xcvi. p. 134. 
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63 wagons in  each direction ; every  wagon  held l1 tons of goods, 
consisting chiefly of railway  material  and stores. 

The works  were  constructed by  the  Author,  under  the  instructions 
of Mr. F. L. O’Callaghan, C.S.I., C.I.E., the  Engineer-in-Chief; 
the designs and drawings  having been first submitted for approval 
to Sir Guilford Molesworth, K.C.I.E., the Consulting Engineer 
to  Government. All  the machinery and appliances  were made at  
the North-Western Bailway locomotive and carriage shops at  
Lahore, under  the  directions of Mr. C. Sandiford, 11. Inst. C.E. 

The communication is accompanied by 4 tracings, from which 
Plate S and  the Figs. in the  text have been prepared. 

[APPENDIXES. 
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A P P E N D I X E S .  

APPESDIX I.-DETAILS OB I s c ~ r m s .  
~~ 

- 1 Gradient. 1 Length. 

Feet. 

No. I. . 1 1 in 2Q 1 1,320 

l l 

No. 11. . 1 in 23 1 1,420 

Total len&h of inclines . . .  

Vertical Ilaximum 
Height. 1 Load Hauled. I obserrvtions' 

Feet. Tons. 

452 1 30 '( Crossing-placc in centre. 

568 1 30 in centre. 
Crossing-placc 

Double linr, 

I 

376 50 l{ Double  line, 
self-acting. 

. . . . . .  2 miles 830 fcet. - 
,, ,, including all connections . 4 miles. 

All  inclines 5 feet 6 inchcs gauge. 

APPENDIX IL-COST OF INCLISES. 

Heads of Expenditure. 
- ____-._ 

Rock-cutting 
Shale ,, . . . . . . . . . . . . .  
Earth-work . . . . . . . . . . . .  
Retaining-walls . . . . . . . . . . .  
Bridges . . . . . . . . . . . . .  
Ballast . . . . . . . . . . . . . .  
Permanent-way  material. . . . . . . . .  
Wooden sleepers 
Permanent-way, masonry, struts,  balks, &c. . . .  
Buildings,  staff-quarters,  engine-sheds, &c. . . .  
Carriage  turn-tables . . . . . . . . . .  
Winding-engines, complete . . . . . . . .  
Pulleys,  rollers, Fire ropes, &C.. . . . . . .  
Incline-trucks. . . . . . . . . . . .  
Miscellaneous  machinery . . . . . . . .  
General  charges  and  contingencies . . . . .  

_____-__ ~ 

. . . . . . . . . . . .  

. . . . . . . . .  ,, laying 
. . . . . . . . . . .  

Amounts in 
Rupees. 

. . 

2,173 . . 9,180 . . 

43,180 . . 
25,241 . . 21,053 

. . 4,924 

. . , 91,360 . . 15,435 

. . ~ 23,076 

: ' 29,665 
18,665 

. . 1 52,018 

. . 25,609 ' 

. . i 6,775 

. . 12,128 

. . 4,926 

. . ~ 16,380 

Total cost of 4 incliues . . Rupees j 401,791 

Equivalent to 228,699 
-- 
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APPENDIX 111. 
COST OF WORKING THE INCLINES. 

Monthly Expenses. 

Nnture of Expenditure. l Amount  in 
Rupees. 

Establishment-Foreman. . . . . . . . . . . .  350 
. . . . . . . . . .  9 ,  Drivers, &C.. 

1,600 9 ,  Labour, &c. 
200 1 ,  Workshop 
700 

Fuel-coal, 50 tons @, Rs.15. . . . . . . . . . .  750 
,, wood. . . . . . . . . . . . . . . .  150 

Oil  and  small stores, &c. . . . . . . . . . . . .  500 
Material for repairs, &c. . . . . . . . . . . . .  250 
Contingencies . . . . . . . . . . . . . . .  100 

Total  monthly expenses . . . . . .  Rs.4,600 

. . . . . . . . . . .  . . . . . . . . . .  

15 wagons daily  each way = 3,600 vehicle-miles  per month. 
Cost of haulage = la. 9d. per vehicle-mile, or 33d. per (net)  ton  per mile. 
NoTE.-The above is for an average  month  when traffic  was brisk. 

APPENDIX  IV. 
DETAILS OF ROPES USED. 

Inclines Nos. 1 and 2. 

- 1 Mnker. 1 Circnm 
ference 

Inches. 

1st rope.  Bullivant. 49 
2nd ... I .. ! 4: 

1st rope. 

( (Langs).}i 3 2nd 9 1  . Bullivant. 1 42 Craddock 

Ynmk 
O f  

Wires. 

114 
114 
114 

114 

Veigh 
Per 

nthon 

Lbs. 

19 
19 
19 

19 

Incline No. 3. 

t 

l. _ -  
Cost per 

cwt. 

€ S. d. 

2 5 0  
2 5 0  
3 7 0  

2 2 0  

‘rons. 

74 I No. 1-119 
Tons. 

74 
80 

,> 80 

9 )  

,, 2-13 
,, 

13.8  2 0 0 40 
6 ii ~ 8 . 1 1 2 1 5  0 1  36 
4 

~- 

Incline No. 4. 
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APPENDIX V. 

WORE DONE BY ROPES. 

No. 1 Incline. 

Gross Tonnage Hauled. 

Ascending. 1 Descending. 
- Date when put on. Date when taken 05. 

1st rope . 1 Sept. loth, 1888. Aug. 2nd, 1889. 
Tons. Tons. 

2nd ,, . Aug.  2nd, 1889. I May 5th, 1890. 1 78,500 I 50,890 
74,300  48,890 

3rd ,, . I June 25th, 1890. Aug. 31st, 1891. 116,160  77,440 

4th ” * ( dismantled. 
Not  required-3rd rope still working when the inclines  were 

I 
___. 

No. 2 Incline. 

1st rope . 70,130 
June 22nd, 1890. 1 :::% 1 87,130 July 27th, 1889. 2nd ,, . July 27th, 1889. Dec. loth, 1888. 

{ dismantled. 4th ” 

Aug. 31st, 1891. 75,220  111,830 June 25tb, 1890. 3rd ,, . 
Not required-3rd rope still working when the  inclines were 

No. 3 Incline. . 

Feb. lst, 1889. 1 July 31st, 1891. I 51,788 I 84,744 
Not required-1st rope still working  when the inclines were 

dismantled. 
I 

No. 4 Incline. 

1st rope . June 5th, 1890. 1 Aug. 25th, 1890. 1 24,277 1 39,726 
Still working  when the  incline was dismantled. 

l 
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APPENDIX VI. 
NET TOKSAGE OF STORES CARRIED, COYSISTING CHIEFLY OF RAILWAY-~~IATERIAI,, 

PERBIAXEKT WAY, BRIDGE-WORK, STATION-MACHINE~Y, TIMBER, COAL, 
BRICKS, SAXD AND CEBIENT, &c. 

Tear. ~ 1 s t  Quarter. I 2nd Quarter. 1 3rd Quarter. 1 4th Quarter. 1 Total of Teur. - ~ 

Tons. Tons. Tons. Tons. Tons. 
1888 
188‘3 5,368 

.. 11,484 2,255 
45,672 

5,060 
11,737 

4,169 
18,832 5,533 

1891 
9,570 

7,953 ~ 36,058 

8 ;S44 13:893 
1890 

2,222  2,222 .. 

Total tons (not) carried . . . . . . 1 95,436 

ilIaximum month’s work . . . . . . . . 5,588 tons. 
,, day’s ,, . . . . . . . . 583 ,, 
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